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ABSTRACT
Background:Whole abdominal radiotherapy (WART) is utilized in children, adolescents, and young adults with intra-abdominal
sarcoma, but efficacy and toxicity are uncertain.
Methods: Sarcoma patients diagnosed at ≤39 years of age between 1998 and 2023 who received WART were identified from a
national registry. Patient and tumor characteristics, treatment, response, and survival outcomes were assessed.
Results: Twenty patients with desmoplastic small round cell tumor (DSRCT) (n = 7), rhabdomyosarcoma (RMS) (n = 6),
Ewing sarcoma, rhabdoid tumor, endometrial stromal tumor (each n = 1), and sarcoma not-otherwise-specified (NOS) (n = 4)
were included. Among 17 patients who received WART as part of upfront therapy, 16 had abdominal metastatic disease (94.1%)
(peritoneal deposits n = 9, malignant ascites n = 8 [including two with both peritoneal deposits and malignant ascites] and liver
metastases n= 1), while onewas initially localized.MedianWARTdosewas 22.5 Gy (range: 10.5–30);median kidney and liver doses
were 14.9 Gy (range: 7.7–20.7) and 21.0 Gy (range: 13.1–27.7), respectively. Three patients developed Grade 3 acute toxicity; diarrhea

Abbreviations: 3DCRT, three-dimensional conformal radiotherapy; APPA, anteroposterior and posteroanterior; AYA, adolescents and young adults; CanSaRCC, Canadian Sarcoma Research and
Clinical Collaboration; CI, confidence interval; COG, Children’s Oncology Group; CRS, cytoreductive surgery; CTCAE, Common Terminology Criteria for Adverse Events; CTV, clinical target volume;
Dmax, maximum point dose to target area; DSRCT, desmoplastic small round cell tumor; Dx, diagnosis; Gy, Gray; HIPEC, hyperthermic intraperitoneal chemotherapy; IMRT, intensity-modulated
radiation therapy; NED, no evidence of disease; NOS, not otherwise specified; OS, overall survival; PENTEC, Pediatric Normal Tissue Effects in the Clinic; PFS, progression-free survival; PTV, planning
target volume; RMS, rhabdomyosarcoma; RT, radiotherapy; RT-DICOM, Radiotherapy-Digital Imaging and Communications in Medicine; SMN, second malignant neoplasm; ULN, upper limit of
normal; V95, isodose 95%; VAC/VI, vincristine, dactinomycin, cyclophosphamide with vincristine and irinotecan; VDC/IE, vincristine, doxorubicin, cyclophosphamide, ifosfamide, and etoposide;
VMAT, volumetric modulated arc therapy; WART, whole abdominal radiotherapy; WT1, Wilms tumor 1 gene.
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(n = 2) or elevated creatinine (n = 1); two RMS patients developed second malignancies. Two-year overall and progression-free
survival estimates were 100% and 80% (95% confidence interval [CI]: 51.6%–100%) in RMS; 62.5% (95% CI: 32%–100%) and 50% (95%
CI: 22.5%–100%) in DSRCT. Five-year cumulative incidence of abdominal recurrence was 33.3% (95% CI: 11.4%–57.3%) with WART
failure in DSRCT (n = 2) and sarcoma NOS (n = 1). Three patients received WART following relapse; all recurred; two within the
WART field.
Conclusions:WART is well tolerated among young sarcoma patients and providesmeaningful local disease control when utilized
in front-line adjuvant therapy.

1 Introduction

Achieving local control is critical for effective management of
abdominal sarcoma and is particularly challenging in patients
with peritoneal disease dissemination. Retroperitoneal soft tissue
sarcomas are most commonly seen in adults, with the most
frequent types being liposarcoma and leiomyosarcoma [1, 2]. In
children and young adults, different histologies are seen within
the retroperitoneum including extraskeletal Ewing sarcoma,
rhabdomyosarcoma (RMS), and fibrosarcoma [2]. Desmoplastic
small round cell tumors (DSRCT) are rare, aggressive primary
intra-abdominal sarcomas seen in adolescents and young adults
that often present with peritoneal dissemination. They typically
have a pathognomonic reciprocal translocation t(11;22)(p13;q12)
involving the Ewing sarcoma gene (EWS) and the Wilms tumor 1
gene (WT1), and carry an extremely poor prognosis [3].

Peritoneal involvement in sarcoma may occur via primary
intraperitoneal disease, peritoneal deposits, malignant ascites,
or pre- or peri-operative rupture [4, 5]. Patients with peritoneal
dissemination of sarcoma are often treatedwithwhole abdominal
radiotherapy (WART) in an attempt to achieve local control.
Due to dose limitations within the abdomen, typical sarcoma
radiation therapy doses of up to 66 Gy are not feasible. DSCRT are
typically treated with WART at a dose of 30 Gy, followed by boost
radiotherapy (RT) to gross residual disease; however, significant
hematologic and gastrointestinal toxicities have been reported,
along with limited long-term efficacy [3]. WART has also been
used for other pediatric sarcoma histologic types, including RMS
and Ewing sarcoma; however, efficacy data are evenmore limited
[6, 7]. Current guidelines from the Children’s Oncology Group
(COG) suggest a dose of 24 Gy to the whole abdomen and pelvis
for local control of peritoneal dissemination of pediatric Ewing
sarcoma or RMS [4, 7]. There is concern for acute and late
toxicities given the large field and limited data evaluating its
efficacy in providing local control for sarcoma in the context of
these dose limitations.

To address these knowledge gaps, we aimed to identify pediatric
and young adult sarcoma patients in a Canadian national sar-
coma registry who receivedWART, with a goal to describe clinical
indications, toxicity, local control, and survival outcomes.

2 Methods

Seven institutions participated in this national study including
the three largest Canadian pediatric oncology programs (Hospital

for Sick Children in Toronto, Centre Hospitalier Universitaire
Sainte-Justine inMontréal, and British Columbia Children’s Hos-
pital in Vancouver), along with four adult cancer sites (Princess
Margaret Cancer Centre in Ontario, British Columbia Cancer
Centre in British Columbia, Hôpital Maisonneuve Rosemont in
Québec, and Tom Baker Cancer Centre in Alberta). Following
institutional research ethics approval, children and young adults
diagnosed with sarcoma at ≤39 years between January 1, 1998
and May 1, 2023 were identified from the prospectively main-
tained Canadian Sarcoma Research and Clinical Collaboration
(CanSaRCC) national registry. Patients who completed a course
of WART for sarcoma at any time in their cancer treatment were
included. Baseline demographics, tumor histology, WART treat-
ment details (indication, radiation modality, dose, RT treatment
plans in digital RT-DICOM format), acute and chronic toxicity,
response, and survival outcome data were collected. Toxicity was
retrospectively graded per the Common Terminology Criteria
for Adverse Events (CTCAE) version 5 and categorized as acute
(onset <3 months after WART) or chronic (onset ≥3 months
after WART). For patients whose normal organ dosimetry would
exceed usual tolerances, conformal RTplanningwas used to spare
the core of the kidneys and liver. At the discretion of the treating
team, a “kidney minus planning target volume (PTV)” or “liver
minus PTV” structure was created and assigned a high priority
optimization goal in the radiation treatment planning system to
minimize mean dose to this structure.

Progression-free (PFS) and overall survival (OS) were estimated
using the Kaplan–Meier method and calculated from start date
of WART to first progression/relapse after WART, death from any
cause, or to date of last follow-up, as applicable. Patients lost to
follow-up or alive at last assessment were censored. To estimate
the cumulative incidence of relapse, both overall and within the
abdominal RT field were estimated, with death prior to relapse
treated as a competing risk. Univariable Cox proportional hazards
modelswere used to estimate the possible impact of sarcoma type,
WART dose, WART boost, HIPEC, and age category (adult, child)
on survival outcomes. Results are presented as hazard ratios and
corresponding 95% confidence intervals, and p-values. Analyses
were performed using R version 4.3.4.

3 Results

3.1 Patient Characteristics

Twenty patients, median age at diagnosis of 14 years (range:
10 months to 35 years), with DSRCT (n = 7; four of whom had
hyperthermic intraperitoneal chemotherapy [HIPEC] following
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TABLE 1 Patient demographics, baseline sarcoma characteristics,
and therapy overview.

Participant characteristics N (n = 20)

Range or
propor-
tion

Age (years)
Median age at diagnosis (years) 14 0–35

Sex
Male 12 60
Female 8 40

Sarcoma type
Desmoplastic small round cell 7 35
Rhabdomyosarcoma
Embryonal 3 15
Alveolar 2 10
Anaplastic 1 5

Ewing sarcoma 1 5
Rhabdoid tumor 1 5
Endometrial stromal sarcoma 1 5
Sarcoma NOS 4 20

Tumor genomic aberrations
EWSR1:WT1 translocation 5 25
EWSR1 translocation NOS 2 10
PAX3:FOXO1 translocation 2 10
EWSR1:FLI1 translocation 1 5
SMARCB1 (INI1) deletion 1 5
DICERmutation (heterozygous) 1 5
YWHAE–FAM22 translocation 1 5
None reported 7 35

Primary site
Retroperitoneum 10 50
Kidney 4 20
Pelvis 2 10
Liver 2 10
Uterus 1 5
Head and neck 1 5

Stage at diagnosis
Localized 1 5

Metastatic (by site)
Peritoneal 9 45
Liver 1 5
Lung 1 5
Lymph nodes 1 5
Bone 1 5
Malignant ascitesa 11 55

Surgery
Partial resection/excision biopsy 9 45

(Continues)

TABLE 1 (Continued)

Participant characteristics N (n = 20)

Range or
propor-
tion

Gross total resection 7 35
No surgery 4 20

Chemotherapy indication
Neoadjuvant 15 75
Adjuvant 5 25

First chemotherapy regimen
VDC/IE 9 45
VAC or VAC/VI 2 10
Doxorubicin/Ifosfamide 2 10
Doxorubicin combination other 7 35

Other therapies
CRS and HIPEC 4 20
Autologous stem cell
transplantation

1 5

Follow-up time fromWART
(months)
Median overall 18 0–182
Median RMS 75 4–182
Median DSRCT 14 4–25
Median other histologies 18 0–140

Status at last follow-up
Alive with NED 8 40
Alive with disease 3 15
Died from primary sarcoma 8 40
Died from second malignancy 1 5

Abbreviations: CRS, cytoreductive surgery; HIPEC, hyperthermic intraperi-
toneal chemotherapy; NED, no evidence of disease; NOS, not otherwise
specified; VAC or VAC/VI, vincristine, dactinomycin, cyclophosphamide
with or without vincristine and irinotecan; VDC/IE, vincristine, doxoru-
bicin, cyclophosphamide, ifosfamide and etoposide; WART, whole abdominal
radiotherapy.
aSix patients had malignant ascites as the only site of metastatic disease.

cytoreductive surgery and prior to WART), rhabdomyosarcoma
(RMS) (n = 6), Ewing sarcoma, rhabdoid tumor, endometrial
stromal tumor (each n = 1), and sarcoma not otherwise specified
(NOS, n = 4) were included (Table 1). Ten patients (50%) had
a retroperitoneal primary tumor, and 19 (95%) had metastatic
disease at diagnosis. All patients received chemotherapy, ofwhich
75% was neoadjuvant, and 16 patients (80%) had surgery, of
which five patients achieved R0 resections. Among 17 patients
who received WART as part of initial therapy, 16 had abdominal
metastatic disease (94.1%) (peritoneal deposits n = 9, malignant
ascites n = 8 [including two with both peritoneal deposits and
malignant ascites] and liver metastases n = 1), and one was
initially localized but had preoperative rupture (Table 2). For
those receiving WART as part of initial therapy (n = 17), 12 had
no evidence of disease (NED), three had partial response, and
two had stable disease (SD) within the abdomen at the time of
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TABLE 3 Whole abdominal radiotherapy characteristics, toxicity,
and outcomes.

N (n = 20)

Range or
propor-
tion

WART timing
Firstline therapy 17 85
Following first event 1 5
Following ≥second event 2 10
Abdominal disease status at
time of WART
Stable disease 2 10
Partial response 4 20
No evidence of disease 12 60
Progressive disease 2 10

WART modality
APPA 3 15
VMAT 11 55
3DCRT 5 25
IMRT 1 5

WART prescription
Median (Gy) 22.5 10.5–30
Daily fraction size, median (Gy) 1.5 1.0–2.0
Dose parameter
WART CTV V95, median (%) 93.9 70–100
WART PTV V95, median (%) 92.5 69–100
WART Dmax, median (Gy) 31.3 18–59.5
WART Dmax, median (%) 109 100–130
Kidney dose, median (Gy)a 14.9 7.7–20.7
Liver dose, median (Gy)a 21.0 13.1–27.7

Boost after WART
Yes 8 40
No 12 60

Acute toxicity (<3 months from
WART)
Diarrhea (CTCAE Grade 3), n
(%)

2 9.5

Elevation of creatine (CTCAE
Grade 3), n (%)

1 4.8

Relapse/progression
post-frontline WART (n = 17)
Inside WART field 3 17.6
Outside WART field 3 17.6
No relapse/progression 11 64.7

Two-year progression-free
survival (%; 95% CI)
Overall WART in initial therapy
(n = 17)

66.7 46.6–95.3

(Continues)

TABLE 3 (Continued)

N (n = 20)

Range or
propor-
tion

RMS 80.0 51.6–100
DSCRT 50.0 22.5–100
Other sarcoma types 75.0 42.6–100

Two-year overall survival (%; 95%
CI)
Overall WART in initial therapy 79.2 61.2–100
RMS 100 —
DSCRT 62.5 32.0–100
Other sarcoma types 75.0 42.6–100

Abbreviations: 3DCRT, three-dimensional conformal radiotherapy; APPA,
anteroposterior and posteroanterior; CI, confidence interval; CTCAE, Com-
mon Terminology Criteria for Adverse Events; CTV, clinical target volume;
Dmax, maximum point dose to target area; Dx, diagnosis; Gy, Gray; IMRT,
intensity-modulated radiation therapy; PTV, planning target volume; ULN,
upper limit of normal; V95, isodose 95%; VMAT, volumetric modulated arc
therapy; WART, whole abdominal radiotherapy.
aIncludes all abdominal doses (composite), including boost prescriptions.

WART. An additional three patients received WART following
their first or second relapse, and all had abdominal disease at
the time of WART (n = 1 PR, n = 2 progressive disease). Median
follow-up time from the start of WART was 18 months (range:
0–182 months).

3.2 Radiation Therapy

Among all patients, the median WART prescription dose was
22.5 Gy (range: 10.5–30), with a median 1.5 Gy/fraction (range:
1.0–2.0), and was delivered by VMAT technique in 55% (Table 3).
Eight patients (40%) received an additional boost radiotherapy
dose following WART. Patients received mean kidney and liver
doses of 14.9 and 21.0 Gy (medians), respectively; dose-volume
parameters are presented in Figure 1. Three patients developed
Grade 3 acute toxicity; diarrhea (n = 2) or elevated creatinine (n
= 1). Among those with Grade 3 diarrhea, one received 18 Gy
in 12 fractions WART; the other received 23 Gy WART (1 Gy
per day), with a concurrent pelvic boost to 34.5 Gy (total 1.5 Gy
per day), followed by a sequential focal pelvic boost to 45 Gy
total dose (1.5 Gy per day). The patient with Grade 3 creatinine
elevation had right and left mean kidney doses of 15.7 Gy each
with combined kidney V20, V23, and V28 doses of 33%, 23%, and
4%, respectively. None of the patients with Grade 3 acute toxicity
received HIPEC, either before or after WART. All acute toxicity
resolved by 3months followingWART, and no patients developed
chronic kidney disease, hepatitis, or other gastrointestinal (GI)
toxicity.

3.3 Outcomes

Eleven patients who had WART for abdominal sarcoma in
upfront therapy never had a relapse; of the six (35%) who did,
three (17.6%) were within the prior WART field (n = 2 DSRCT
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FIGURE 1 Boxplots of composite dose-volume parameters for kidney (panel A) and liver (panel B). Vx notation denotes the volume of the organ
receiving ×Gy; for example, kidney V12= 58% (median value) means that the median volume of kidney receiving 12 Gy was 58%. The whiskers represent
the minimum and maximum values (with outliers denoted by shaded circles). The boxes represent the first, median, and third quartiles; mean values
are shown with a colored X.
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FIGURE 2 Cumulative incidence of any recurrence (A) or within abdominal RT field (B) following treatment with WART in patients receiving
WART in upfront therapy or at relapse. RT, radiotherapy; WART, whole abdominal radiotherapy.

and n = 1 sarcoma NOS). Among the three in-field failures, two
had achievedNEDprior toWART initiation, and relapse occurred
at a median of 8.0 months (range: 7.3–9.4 months) post-WART.
Three patients (RMS, DSRCT, and sarcoma NOS, each n= 1) who
had residual disease in the abdomen at the time of WART (n = 1
SD, n = 2 PR) did not experience later in-field relapse and were
alive with NED at last follow-up (each >2 year follow-up). Two-
year cumulative incidence of any relapse or relapse within the
prior WART field was 33.3% (95% confidence interval [CI]: 11.5%–
57.3%) and 20% (95% CI: 4.5%–43.3%), respectively (Figure 2).
Among the three patients who received WART following initial
relapse, all developed subsequent recurrence; two within the

WART fieldwho relapsed quickly afterWART (1.6 and 2.2months,
respectively).

Among 17 patients who received WART in frontline therapy, 2-
year PFS and OS were 66.7% (95% CI: 46.6%–95.3%) and 79.2%
(95% CI: 61.2%–100%), respectively (Table 3, Figure 3). Among
patients with RMS or DSRCT and WART in upfront therapy,
2-year OS was 100% and 62.5% (95% CI: 32%–100%; p = 0.54),
respectively, and PFSwas 80% (95%CI: 51.6%–100%) and 50% (95%
CI: 22.5%–100%; p = 0.37). Sarcoma type, age category, WART
boost, HIPEC, or metastatic disease status were not predictive of
PFS on univariable analyses (Table S1).
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FIGURE 3 Overall (A) andprogression-free (B) survival for all patientswho receivedWARTas part of upfront therapy,with denoted 95% confidence
intervals. Overall (C) and progression free (D) survival for patients by sarcomadiagnostic category. RMS, rhabdomyosarcoma;DSRCT, desmoplastic small
round cell tumor; WART, whole abdominal radiotherapy.

3.4 HIPEC

Four patients, all with DSRCT, received cytoreductive surgery
and HIPEC at three cancer sites (two adult sites). All HIPEC
was administered after cytoreductive surgery (CRS) in upfront
therapy at a median of 51 days (range: 41–59 days) prior to WART
in recent years (2022–2023). All patients achieved NED prior to
WART, and none had subsequent intra-abdominal recurrence,
though one relapsed outside the abdomen. All remain alive at last
follow-up; two have no evidence of disease.

Two RMS patients, neither of whom received HIPEC, developed
second malignant neoplasms (SMN) at 15 months (acute lym-
phoblastic leukemia) and 133months (high-grade bladder cancer)
after sarcoma diagnosis. Both had received prior chemotherapy
for their RMS, and neither had undergone germline cancer
predisposition testing.

4 Discussion

In this national study,we demonstrate the efficacy ofWARTwhen
utilized as part of upfront therapy for children and young adults
with abdominal sarcoma. The utility ofWART seems to be highest

when used in the adjuvant setting, whereas no patient who
received WART as a salvage treatment post-recurrence achieved
disease control. The 2-year cumulative incidence ofWART failure
(recurrence within prior WART field) was only 20% for those
receiving it during upfront therapy. No patient with RMS had a
recurrencewithin the priorWART field, while patients with other
histologies who had WART in-field failure progressed within the
first year post RT. Although five patients had residual evidence of
disease following neoadjuvant therapy and prior to WART (n = 2
SD, n= 3 PR), only one patient (DSCRT) had a subsequent in-field
relapse, one had a relapse outside the WART field and three had
no evidence of disease at last follow-up. .

The role of WART has been best studied in patients with DSRCT.
In a French study of 107 patients, 37 received postoperative RT,
of which 26 patients received WART [8]. Median PFS was 22.4
versus 8.6 months for patients who received WART versus focal
RT, respectively. However, there was no association of total dose
level or boost RT with survival outcomes. Casey et al. reported
a case series of 10 patients (seven RMS; DSRCT excluded) with
100% PFS andOS at amedian follow-up of 4 years [4]. Indeed, this
mirrors our experience, with the poorest survival among patients
with DSRCT, whereas children with other sarcomas (including
RMS) have numerically better survival. Our data support the
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role of WART in children with abdominal dissemination of
sarcoma.

We observed a low incidence of acute toxicity. A study of 21
individuals from Memorial Sloan Kettering Cancer Center with
DSRCT demonstrated high incidences of high-grade toxicity,
including one-third of patients who developed small bowel
obstruction [3]. We posit that the high incidence of toxicity may
be due to older RT techniques used to deliver a prescription
of 30 Gy, whereas our cohort includes patients predominantly
treated with conformal, three-dimensional VMAT or IMRT to
doses of 30 Gy or less [9]. We describe two patients, both with
RMS, who developed SMNs. As they both had prior chemother-
apy with alkylating agents and neither had documented cancer
predisposition testing, it is difficult to know how much WART
may have additionally contributed to this risk. Few cases of SMN
following WART for sarcoma have been described [3], though
this is a recognized late toxicity in other settings, such as ovarian
cancer, in which WART is utilized [10].

Given the small number of toxicity events, we were unable
to report dose-volume parameters to organs-at-risk associated
with organ toxicity. However, our data affirm the feasibility
of using conformal RT techniques, such as VMAT, to “carve
out” liver and kidney parenchyma to minimize doses to these
organs. Furthermore, we provide dose-volume parameters to
guide radiation oncologists when designing WART RT plans
based on a benchmark dataset with a low observed incidence of
kidney toxicity and no hepatic toxicity.

Our data demonstrated that mean kidney doses of 14–15 Gy result
in a low risk of toxicity. This adds to data from the Pediatric
Normal Tissue Effects in the Clinic (PENTEC) collaboration,
which found that the toxicity of 10.5 Gy to the whole kidney (with
WART) and total body irradiation of 12 Gy to also be low [11].
Importantly, the patients in ourWART cohort had heterogeneous
dose distributions to the kidney, with higher doses along the renal
cortex but lower doses in the core of the kidney. It should be noted
that the toxicity profile of a uniform 14–15 Gy to the kidney may
differ from our results.

Similarly, patients in this cohort had mean liver doses of approxi-
mately 21 Gy. In the PENTEC analysis, a mean liver dose of 20 Gy
to the whole liver led to a modeled risk of 14.5% of sinusoidal
obstructive syndrome [12]. Data used in the PENTEC study were
derived predominantly from Wilms, leukemia, and lymphoma
patients who typically receive homogeneous dose distributions to
large volumes of liver; no dedicated data from sarcoma patients
were available. In our present data,we did not observe any hepatic
toxicity, but further investigation is needed regarding whether
conformal RT planning to minimize dose to the core of the liver
is indeed helpful.

The use of CRS followed by HIPEC is controversial, but may have
benefits for a subset of sarcoma patients with intra-abdominal
tumors, specifically those with DSRCT [13, 14]. Prior adult studies
have evaluated the utility of CRS and HIPEC for a range of
malignancies with peritoneal involvement, including colorectal
and ovarian carcinoma, mesothelioma, and sarcoma [15]. CRS
and HIPEC in primary ovarian carcinoma have demonstrated a
survival benefit with morbidity that can be mitigated in high-

volume HIPEC centers and appropriate selection of patients
[16]. The use of CRS and HIPEC in children with peritoneal
malignancies has been reported, though with mixed reports
with respect to toxicity and survival outcomes [17, 18]. In our
cohort, four patients, all with DSRCT, received this approach
prior toWART in upfront therapy, and none had intra-abdominal
recurrence, acute or chronic toxicity ≥Grade 3. Ultimately,
there may be justification to study this approach prospec-
tively for DSRCT in young patients whose survival outcomes
remain poor.

Our data are limited by small numbers and a retrospective
study design, which restricts our ability to perform multivariable
analyses of factors associated with outcomes and toxicities. This
is a limitation inherent to rare tumor types in children and AYAs.
Our cohort is also heterogeneous, and analysis of outcomes by
histologic subgroup is limited by size and duration of follow-
up, which is relatively short for our DSRCT cohort compared to
RMS (Table 1). We also note that few patients were identified
who received WART prior to 2010, which could be a reflection
of practice change but may be due to inclusion bias. Five patients
had residual disease within the abdomen prior to WART, among
which the burden of disease would have been variable, limiting
efficacy assessment for this group. Assessment of late toxicity
related to WART is also limited and may be underestimated by
the duration of follow-up and the lack of prospective toxicity
data collection. However, as a national registry cohort, our results
are also generalizable across diverse care settings. Our study is
further strengthened by high-fidelity data collection, including
the availability of digital RT data, which is otherwise challenging
to perform in a multi-institutional setting outside of national
cooperative clinical trials groups. Despite this, the challenge
of legacy RT planning systems precluded us from separately
determining doses to the kidney cortex versus hilum or liver core;
additional research is needed to evaluate optimization parameters
best suited to minimizing organ-at-risk doses while maximizing
PTV coverage.

In summary, we demonstrate the efficacy of WART for children
and young adultswith intra-abdominal sarcoma. The treatment is
generally well tolerated and is associated with a high probability
of tumor control, particularly when used in the upfront setting
for tumors with abdominal dissemination. WART should remain
an important component of controlling these aggressive malig-
nancies, following discussion with patients and families about
potential long-term toxicities, including SMN.
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